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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention prevents the occlusion of the moisture relation kind (H2 O, 0H-, and H+) by the titanium 
layer as the lowest layer of a wiring material layer, and enables a reduction of interface level while it prevents the moisture 
difiusion to a gate electrode layer from the layer insulation layer containing especially moisture in a wiring material layer about 
semiconductor devices, such as LSI which has a MOS transistor, and prevents a hot carrier resistance degradation. 
[0002] 

[Description of the Prior Art] Conventionally, as flattening technique of the layer insulation layer in MOS type LSI etc., what 
includes insulator layers, such as spin-on glass (SOG), in a layer insulation layer is known. 

[0003] Drawing 3 shows a part of MOS type LSI using this kind of flattening technique. After forming gate electrode layer G 
through the gate insulator layer OX, the source field LS and drain field LD of N type of low impurity concentration are formed in 
the front face of the semiconductor substrate 10 which consists of silicon by ion- implantation processing etc. And it is N+ of high 
impurity concentration by ion-implantation processing after forming side spacer SP in the both sides of electrode layer G etc. 
Source field S and drain field D of type are continued and formed in fields LS and LD, respectively. 

[0004] Next, the MOS transistor formed as mentioned above is covered in a substrate top, and an insulator layer 14 is formed in 
it. As an insulator layer 14, BPSG (boron Lynn silicic-acid glass) layer formed, for example by the CVD (chemical vapor 
deposition) method is used. 

[0005] next, the connection corresponding to a source contact, a drain contact, etc. — after forming a hole in an insulator layer 14, 
the source wiring layer 1 6 and the drain wiring layer 1 7 as a wiring layer of the 1 st layer are formed by putting and carrying out 
patterning of the wiring material layer to a substrate top What carried out the laminating of Ti layer 16a, TiN layer 16b, aluminum 
alloy (for example, aluminum-Si-Cu) layer 16c, and the 16d of the TiN layers to order from the bottom as wiring layers 16 and 1 7 
as a layer 16 shown, for example in drawing 5 is used. 16d of the things and TiN layers in which the thing for Ti layer 16a 
reducing contact resistance and TiN layer 16b have bairier nature are for preventing a light reflex at the time of phot lithography 
processing. 

[0006] Next, on an insulator layer 14, the wiring layers 16 and 17 are covered and the layer insulation layer 18 is fomied. After 
forming the silicon oxide layer 20, for example by the plasma CVD method using a tetrapod ******** silane (TEOS) as an 
insulator layer 1 8, what formed the SOG layer 22 in the shape of flatness by the rotation applying method etc. on it, and formed 
the silicon oxide layer 24 by the plasma CVD method for using TEOS on it further is used. 

[0007] Then, the wiring layer 26 of two-layer scale division is formed on an insulator layer 18, a protective coat 28 is formed on 
it, and annealing is performed at about 400 degrees C in the ambient atmosphere containing hydrogen. As a protective coat 28, 
the silicon-nitride layer formed, for example by the plasma CVD method is used. 
[0008] 

[Problem(s) to be Solved by the Invention] Since according to the above-mentioned conventional technique the layer insulation 
layer 18 is hygroscopic and contains insulator layers, such as the watery SOG layer 22, moisture is spread in gate electrode layer 
G fi-om an insulator layer 1 8, and there is a trouble of degrading the hot carrier resistance of a MOS transistor. 
[0009] In order to cope with such a trouble, the first-in-a-roU artificer of this application proposed previously the semiconductor 
device of a configuration as shown in drawing 4 (refer to Japanese Patent Application No. 247 1 54 [ six to ]). In drawing 4 , the 
same sign is given to the same fi-action as drawing 3 , and a detailed explanation is omitted. 

[00 1 0] The equipment of drawing 4 differing from the equipment of drawing 3 is having formed the wiring material layer 1 9 on 

the insulator layer 14 so that the formation process of the wiring layers 16 and 17 might be diverted and gate electrode layer G's 

might be covered. In this case, the wiring material layer 1 9 has a configuration which was shown in drawing 5 , and may be 

following any of the wiring layers 1 6 and 1 7, or one side, or may be separated from the wiring layers 1 6 and 17. 

[001 1] According to the configuration of drawing 4 , since the moisture difflision to electrode layer G can be prevented from an 

insulator layer 18 in the wiring material layer 1 9, a degi'adation of hot carrier resistance can be prevented. However, it became 

clear that there is a trouble where interface level cannot fully be reduced by the last annealing processing. 

[0012] The next table 1 shows the configuration of the wiring layers 16 and 17 and the wiring material layer 19, and the 

configuration of the layer insulation layer 18 about the samples 1-4 created for every transistor of drawings 3 and 4 

[0013] ^ — 
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It means that a display like [ here ] P/Q/R about layers 16, 17, and 19 carries out the laminating of R layers, Q layers, and the P 
layers to order from the bottom, and "Ti=" expresses Ti layer thickness and "aluminum alloy" expresses an aluminum-Si-Cu alloy, 
respectively. Moreover, it means, respectively having removed the silicon oxide layer which formed "TEOS" by the plasma C VD 
method for using TEOS about the insulator layer 1 8 by etchback processing, after "SOG" formed SOG layer and "SOG 
elimination" formed SOG layer. 

[0014] The insulator layer 14 was taken as BPSG layer with a thickness of 750nm. Moreover, each thickness of the silicon oxide 
layers 20 and 24 was set to 500nm, and thickness of the SOG layer 22 was set to 500nm. Furthermore, the protective coat 28 was 
used as the silicon-nitride layer with a thickness of 1 OOOnm. 

[00 1 5] The next table 2 shows the resuh which measured the sub threshold level slope every sample of 1 -4 which were shown in 

Table 1 , and the unit of the numeric value for every sample is m V/decade. 

[0016] 
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If the variation of a sub threshold level slope is set to deltaS and the variation of interface level is set to deltaDit, deltaS is 
proportional to deltaDit (deltaS **deltaDit). According to Tables 1 and 2, compared with the sample of others [ samples / which 
have the configuration of drawing 4 / 2 and 3 ], it turns out that a reduction of interface level is not enough. Moreover, Ti layer as 
the lowest layer of the wiring material layer 19 is known by that the degree of reduction of interface level is much more 
inadequate with the sample 3 made thick 40nm from 20nm. 

[0017] The purpose of this invention is by covering a gate electrode layer in a wiring material layer in the semiconductor device 

which prevented the hot carrier resistance degradation to frilly reduce interface level. 

[0018] 

[Means for Solving the Problem] The MOS transistor by which the semiconductor device concerning this invention was formed 
in the front face of a substrate and this substrate. The 1st layer insulation layer which covers this MOS transistor and was formed 
in the front face of the aforementioned substrate. What is the wiring material layer for moisture diffusion prevention which covers 
the gate electrode layer of the aforementioned MOS transistor, and was formed on this 1st layer insulation layer, and has a 
titanium layer as the lowest layer, It is the semiconductor device equipped with the 2nd layer insulation layer which covers the 
aforementioned wiring material layer, is formed on the layer insulation layer of the above 1st, and contains moisture. Where a 
contact of the above 1st and the 2nd layer insulation layer is secured, it is characterized by carrying out mediation arrangement of 
the moisture relation kind shielding layer between the layer insulation layer of the above 1st, and the aforementioned titanium 
layer. 
[0019] 

[Function] According to Tables 1 and 2 shown above, with the sample 4 which adopted WSi / aluminum alloy / WSi structure, 
interface level is reduced by any transistor of the drawing 3 or the drawing 4 . Moreover, in the sample 1 of structure (non 
etchback structure of SOG) with much moisture contained in an insulator layer 18, in spite of using Ti layer as the lowest layer of 
the wiring material layer 19, interface level is reduced with any transistor of the drawing 3 or the drawing 4 . That is, in the 
samples 2 and 3 of the stmcture (etchback structure of SOG) with little moisture contained in an insulator layer 1 8, when Ti layer 
is used as the lowest layer of the wiring material layer 1 9, interface level is not fully reduced. 

[0020] By the way, interface level is Si/Si02. It is trivalent Si (Si**Si-) of an interface, and the hydrogen at the time of the last 
annealing carries out termination of this trivalent Si like (Si**Si-OH), and is said that it reduces interface level. However, 
according to the experiment of an artificer, interface level was reduced even if it performed the last annealing in the nitrogen 
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ambient atmosphere. Then, for an artificer, the moisture relation kind in an insulator layer 18 (H2 O, 0H-, and H+) is Si/Si02 in 
the last annealing. It is spread even in an interface and it is thought that termination of the trivalent Si is carried out like 
(Si**Si-H, Si**Si-OH). 

[0021] When there is a Ti layer which carries out the occlusion of the moisture relation kind (H2 0, 0H-, and H+) to right above 
[ transistor ], the moisture relation kind concentration near this transistor falls, and interface level is not reduced (samples 2 and 
3). Moreover, a reduction of interface level is not so enough as there are many amounts of Ti (sample 3). On the other hand, since 
sufficient moisture relation kind concentration will be secured even if the occlusion of a part of the moisture is carried out to Ti 
layer if enough moisture is in an insulator layer 18, interface level is reduced (sample 1). Moreover, if the layer which does not 
carry out the occlusion of the moisture relation kind is in right above [ transistor ], since moisture relation kind concentration will 
not fall, interface level is reduced (sample 4). 

[0022] Since according to the configuration of this invention mediation arrangement of the moisture relation kind shielding layer 
was carried out between the 1st layer insulation layer and Ti layer where a contact of the 1st and 2nd layer insulation layers is 
secured, while a diffusion of a moisture relation kind is permitted from the 2nd layer insulation layer to the 1 st layer insulation 
layer, a shielding layer prevents the occlusion of the moisture relation kind by Ti layer. Therefore, near the gate electrode layer, 
the concentration of a moisture relation kind cannot fall but interface level can fully be reduced by the last annealing. 
[0023] 

[Example] Drawings 1 and 2 show a part of MOS type LSI concerning one example of this invention, and drawing 1 is equivalent 
to thfe cross section which meets the X-X' line of drawing 2 . 

[0024] the front face of the semiconductor substrate 10 which consists of silicon - well-known selective-oxidation processing - 
active field arrangement - a hole the field insulator layer 12 which has 12A is formed and arrangement - a hole - having 
mentioned above into the semiconductor surface fi-action in 1 2A - the same - N+ of the gate insulator layer OX, the source field 
LS of the N type of low impurity concentration and drain field LD, gate electrode layer G, side spacer SP, and high impurity 
concentration Source field S, drain field D, etc. of type are formed. As an example, gate length could be 0.5 micrometers. 
[0025] Next, the MOS transistor formed as mentioned above is covered in a substrate top, and the 1st layer insulation layer 14 is 
formed in it. As an insulator layer 14, BPSG layer with a thickness of 750nm was formed by CVD. Then, in order to make BPSG 
layer precise, it heat-treated at 850 degrees C. 

[0026] Next, the silicon-nitride layer with a thickness of lOnm was formed by the plasma CVD method as a moisture relation 
kind shielding layer 15. In this case, you may use the reactant spatter of silicon instead of a plasma CVD method. Moreover, the 
thickness of a silicon-nitride layer has desirable 50nm or less, when it takes into consideration removing alternatively at the 
below-mentioned dry etching process. 

[0027] next, the connection respectively corresponding to source field S and drain field D - after forming a hole in the laminating 
of the insulator layer 14 and the shielding layer 15, wiring material is put on a substrate top and the source wiring layer 16, the 
di*ain wiring layer 1 7, and the wiring material layer 1 9 are fornied by cairying out patterning of the covering layer by phot 
lithography and dry etching processing The wiring material layer 1 9 is fonned by the pattern which covers gate electrode layer G 
as shown in drawing 2 . Although it dissociated fi-om the wiring layers 1 6 and 1 7 and the wiring material layer 1 9 was formed m 
the example of drawing 2 , by request, the wiring layer 1 6 or either of 1 7 may be followed, and the wiring material layer 1 9 may 
be formed. The wiring layers 16 and 17 are connected to source field S and drain field D in source contact section SC and drain 
contact section DC, respectively. The gate wiring layer not to illustrate is connected with gate electrode layer G in the gate contact 
section GC. 

[0028] Thickness was set to TiN/aluminum-Si-Cu/TiON/Ti=40/400/l 00/20nm using that to which layers 1 6, 1 7, and 1 9 replaced 
TiN layer 1 6b by TiON layer in the configuration of drawing 5 as an example. You may use TiN layer instead of TiON layer Dry 
etching was performed as an example on condition that quantity-of-gas-flow C12 /BC13 =30/30sccm, and pressure lOmTorr. And 
the over etching which follows etching of wiring material removed the shielding layer 1 5 alternatively by the pattern 
corresponding to layers 16, 17, and 19. This is to enable the 2nd below-mentioned layer insulation layer 18 to contact an insulator 
layer 14. 

[0029] Next, the 2nd layer insulation layer 18 is formed in a substrate top. After forming the silicon oxide layer 20 with a 
thickness of 500nm by the plasma CVD method by TEOS as an example as an insulator layer 1 8, the SOG layer 22 with a 
thickness of 500nm was formed by the rotation applying method etc. on it, and the silicon oxide layer 24 with a thickness of 
500nm was fiirther formed by the plasma CVD method by TEOS on it. In this case, before formation of the silicon oxide layer 24, 
only the thickness of 500nm may carry out etchback of the SOG layer 22, it may be removed from a front face, and the silicon 
oxide layer 24 may be formed on it. Compared with what does not carry out etchback of the SOG layer 22, although the insulator 
layer 1 8 obtained as a result is little, it contains moisture. 

[0030] next, connection of the request to an insulator layer 18 -- after foming a hole, the wiring layer 26 of two-layer scale 
division is formed on an insulator layer 1 8 And on an insulator layer 1 8, the wiring layer 26 is covered and a protective coat 28 is 
formed. As a protective coat 28, the silicon-nitride layer with a thickness of lOOOnm was formed by the plasma CVD method as 
an example. 

[003 1] Then, the last annealing processing is performed. This processing is N2 as an example. And H2 It carried out on the 
conditions for 400 degrees C and 30 minutes in the ambient atmosphere to include. Consequently, in the transistor of drawing 1 , 
interface level was fully reduced. 

[0032] According to the above-mentioned example, since the moisture diffusion to gate electrode layer G is prevented from an 
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insulator layer 1 8 in the wiring material layer 1 9, a hot earner resistance degi-adation can be prevented. Moreover, since 
mediation arrangement of the shielding layer 1 5 was earned out between Ti layer as the lowest layer of the wiring material layer 
19, and the insulator layer 14, it can prevent carrying out the occlusion of the moisture relation kind to Ti layer, and interface level 
can fully be reduced. 

[0033] This invention is not limited to the above-mentioned example, and can be carried out with various alteration gestalt. For 
example, as a shielding layer 15, you may use electric conduction layers, such as hot only insulator layers, such as a silicon nitride, 
but aluminum, aluminum alloy, a refractory metal (for example, W), or a refractory-metal silicide (for example, WSi). Since an 
insulator layer does not cause the short-circuit between wirings etc. like an electric conduction layer even if the etching remainder 
arises, it has the advantage which is easy to use from an electric conduction layer. 
[0034] 

[Effect of the Invention] As mentioned above, since according to this invention the reduction of interface level was enabled while 
the hot carrier resistance degradation of a MOS transistor was prevented, the effect whose implementation of MOS type LSI of 
high reliance is attained is acquired. 
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(57)Abstract: 

PURPOSE: To prevent the hot carrier resistance deterioration due to 
moisture and to reduce an interface state density in a semiconductor 
device having a MOS transistor. 

CONSTITUTION: After a MOS transistor having a gate electrode layer 
G on the surface of a semiconductor substrate 10, an interlayer 
insulating film 14 and a shielding film 15 are sequentially formed 
thereon. After desired connecting holes are formed on the film 14 and 
15, wiring layers 16, 17 and a wiring material layer 19 are formed. The 
layers 16. 17, 18 are all made of Al alloy layers having a Ti layer as the 
lowermost layer. After an interlayer insulating film 18 is formed to cover 
the layers 1 6, 1 7, 1 9, a wiring layer 26 is formed thereon. The film 1 8 
includes a spin-on glass film 22, and contains moisture. The layer 1 9 
prevents the moisture diffusion from the film 1 8 to the electrode layer 
G. The layer 1 5 prevents the occlusion of moisture concerned seed 
(H20. OH-. H+) to the Ti layer of the layer 1 9. 
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